Abstract
INTRODUCTION
Surgery is the only curative treatment for gastric cancer (GC). Although standard surgery has been performed in recent years, overall survival (OS) at 5 years for GC patients remains at 20%-30% [1] .
Since more and more clinical trials have validated the survival benefit of preoperative chemotherapy [2] [3] [4] , neoadjuvant chemotherapy (NACT) has been gradually accepted by clinicians. Making patients experience significant tumor downstaging and even a pathologic complete response (pCR) is the most important goal of NACT. It has been proven that patients who have a pCR may achieve superior OS and fewer local or systemic recurrence than those with a partial or no response [5, 6] . Therefore, every potential way has been explored to maximize the possibility of attaining a pCR. Since the Lyon R90-01 trial found that patients undergoing surgery at an interval of 6-8 wk after NACT showed improvement in clinical tumor response and pathologic downstaging compared with a 2-3-wk interval [7] , a growing number of studies have proven that a longer interval is significantly related to increased pCR rates, increased tumor downstaging, and potential superior OS in rectal cancer [8] [9] [10] [11] . However, in esophageal cancer, results are conflicting. Some studies found that a longer interval was associated with higher pCR rates that might improve the prognosis [12, 13] ; even intervals beyond 12 wk have been thought to be safe [14] . Yet, other studies failed to validate the connection between longer intervals and pCR rates, and found that longer intervals were disadvantageous to long-term OS [15, 16] . To our knowledge, the optimal timing of performing surgery after NACT has never been studied in GC. An interval time of 4-6 wk was first practiced in some NACT clinical trials [17, 18] . However, an interval of 4-6 wk has never been validated as being optimal. Thus, the aim of this study was to assess the link between NACTsurgery interval time and pCR rates and/or OS.
MATERIALS AND METHODS

Study patients
This was a retrospective study for which we recruited 216 patients with GC who underwent NACT at the Chinese PLA General Hospital from January 2011 to January 2017. The criteria for inclusion were: (1) GC was diagnosed using endoscopy and a biopsy; (2) Patients who underwent NACT and a planned gastrectomy; and (3) All clinical pathological information was available, including NACT relevant information, surgical parameters, imaging information, pathological diagnosis, perioperative therapy, and follow-up data. The exclusion criteria were: (1) Patients older than 75 years; and (2) Patients who ever received chemoradiotherapy. Finally, only 176 patients were included (Figure 1 ). Before NACT, endoscopic ultrasound (EUS) and contrast-enhanced computed tomography (CE-CT) had been performed to assess clinical stage and confirm that patients had T2-4N0-3M0 GC, according to the Japanese classification of gastric carcinoma [19] .
NACT and surgery
Most patients (n = 167) received 2-4 cycles of a SOX regimen (S-1 80 mg/m 2 per day, PO, days 1-14, and oxaliplatin 130 mg/m 2 per day, Ⅳ, infusion on day 1), which is widely used in Asia [20] ; the remaining patients (n = 9) received a XELOX regimen (capecitabine 1000 mg/m 2 per day, PO, days 1-14, and oxaliplatin 130 mg/m 2 per day, IV, infusion on day 1). After two cycles of chemotherapy, the curative effect was evaluated using EUS and CT according to RECIST1.1 [21] . A gastrectomy was carried out immediately when imaging showed an observable increase in tumor size or tumor disappearance. If imaging indicated a decrease in tumor size, another one or two cycles of chemotherapy could be performed. The planned operations after NACT were conducted by experienced surgeons. Patients without evidence of metastasis underwent a gastrectomy with a D2 lymphadenectomy. For other patients, the type of operation was decided by a multidisciplinary team. The location of the primary tumor determined whether a proximal, distal, or total gastrectomy was selected.
Histopathology analysis and follow-up
The same pathologist microscopically analyzed all resected specimens. Patients with post-neoadjuvant therapy pathological (yp)T0N0M0 GC were defined as having a pCR and all others were defined as not having a pCR [11] . Clinical examinations and abdominal CT were performed every 6 mo for 3 years. Digestive endoscopy was performed at least once a year. In March 2017, we confirmed the survival status of patients and the median follow-up time was 42 mo (range, 2-74 mo). Follow-up data were completed for all recruited patients.
Primary and secondary objectives
The primary objective was to evaluate the impact of NACT-surgery interval time on pCR rate and the optimal timing of operation. The secondary objective was to determine the association between NACTsurgery interval time and 3-year OS or disease-free survival (DFS). For that purpose, of the 171 patients who were admitted from January 2011 to March 2014, 121 were selected.
Statistical analysis
We used the Chi-squared test or Fisher's exact test for binary and categorical variables, and ANOVA or t-tests for continuous variables, as appropriate. Patient and tumor characteristics were compared between the three groups at baseline and postsurgery. A bivariate analysis of patients, tumors and surgical characteristics, and pCR status was conducted. Tumor or treatment characteristics that achieved a p-value < 0.2 in univariate analysis were included in the multivariable analysis. Logistic regression was used to model the effects of optimal interval time on the odds of having a pCR, and factors independently associated with pCR were determined using a stepwise procedure. The Kaplan-Meier method was used to estimate survivor functions and the log-rank test was used for the comparison of survival curves. Multivariate analysis using Cox proportional hazards regression analysis with a stepwise procedure was performed to investigate independent factors of survival.
All the statistical analyses were performed using IBM SPSS Statistics version 22.0 software. The hazard ratio (HR) and 95% confidence interval (95%CI) were reported and used to assess the relationship between pCR rate and survival for each independent factor.
RESULTS
Among the 176 patients, 111 (63%) had an NACTsurgery interval time < 4 wk, 48 (27%) had an interval time of 4-6 wk, and 17 (9.7%) had an interval time > 6 wk. The median age was 57 years (range, 21-75 years) and the male to female ratio was 3.5/1. Characteristics of the study cohort are summarized in Table 1 . Patient characteristics, tumor characteristics, and surgical procedure were compared among the three groups (< 4 wk, 4-6 wk, and > 6 wk). Age (p = 0.014), tumor differentiation (before NACT) (p = 0.000), clinical T stage (p = 0.006), and ypT stage (p = 0.045) were significantly different among the three groups. Forty (22.7%) patients had achieved a pCR; the pCR rate was 67.5% for those with a NACTsurgery interval time < 4 wk, 15% for those with a 259 January 14, 2018|Volume 24|Issue 2| WJG|www.wjgnet.com NACT-surgery interval time of 4-6 wk, and 17.5% for those with a NACT-surgery interval time > 6 wk. (Table 2) showed that a NACT-surgery interval time of 4-6 wk was associated with a 74% lower change of having a pCR as compared with an NACT-surgery interval time > 6 wk (p = 0.044), while the OR of clinical T3 vs clinical T4 stage for pCR was 2.90 (95%CI: 1.04-8.01, p = 0.041).
Impact of NACT-surgery interval time on pCR
Impact of NACT-surgery interval time on OS and DFS
Kaplan-Meier analyses for 3-year OS and DFS are presented in Figure 2 . There was no significant difference among the three survival curves for both OS and DFS according to the log-rank test. The median OS was 41.5 mo (range, 20.0-61.8 mo) and median DFS was 39.5 mo (range, 0-61.8 mo).
Recurrence was experienced by 29.5% of patients. As shown in Table 3 
DISCUSSION
The impact of the NACT-surgery interval on pCR and survival has been proven in rectal cancer and esophageal cancer [8, 14] . However, the optimal NACTsurgery interval time and its association with survival, to the best of our knowledge, have never been investigated in GC. Similar to what was found in rectal cancer, the results of the present study suggest that a NACT-surgery interval time > 6 wk had a positive impact on pCR compared with either 4-6 wk or < 4 wk. However, the NACT-surgery interval time did not have an impact on either OS or DFS.
To determine the cutoff level, we plotted a curve of cumulative proportion of pCR by interval weeks ( Figure  3 ). The curve shows that the slope is highest when the interval time is < 4 wk, and 4 and 6 wk are points of inflection. Meanwhile, the NACT-surgery interval time is commonly 4-6 wk, which is what clinicians in China have adopted. Thus, to prove whether a NACTsurgery interval time of 4-6 wk is optimal, after taking all factors into consideration, we divided the population into three groups by the cutoff levels of 4 and 6 weeks. The impact of NACT-surgery interval time on pCR is the primary objective that we wanted to address. We defined pCR as T0N0M0, and partial response (PR) was not included in this study. This is because PR, which is confirmed using imaging according to RECIST [21] , is more subjective and hence, more difficult to confirm than CR. In Table 1 , age and tumor differentiation (before NACT) were significantly different among the three groups. The average age is highest in the > 6 wk group and lowest in the < 4 wk group. The result suggests that older patients may need a longer recovery period from NACT. In the subsequent univariate and multivariable analyses, age was shown to have no impact on pCR and long-term outcomes. With respect to tumor differentiation, previous studies showed that the more differentiated a tumor, the higher the pathology response rate when patients were treated with a XELOX regimen [22, 23] . However, results from our univariate analysis contradict these previous findings. The NACT-surgery interval time, tumor differentiation (before NACT), clinical T stage, clinical N stage, tumor location, and surgical procedure were significantly different between the pCR group and the no-pCR group. We had not included surgical procedure into univariate analysis, for the reason that the pCR status had been determined before surgery. The subsequent multivariable analysis proved that NACT-surgery interval time and cT stage was independent factors associated with having a pCR. Compared with clinical T4 stage, patients with lower clinical T2 or T3 stage were more likely to achieve a pCR, although there was no significant difference between clinical T2 and T3 stages. This result is consistent with a previous study [24] , which showed that lower T and N stages were linked with higher likelihood of pCR. Patients with a NACT-surgery interval time of 4-6 wk had a lower odds of having a pCR than those with an interval time > 6 wk (p = 0.044). Although a NACT-surgery interval time < 4 wk was associated with a 49% lower chance of having a pCR as compared with an interval time > 6 wk, the result was not statistically significant (p = 0.521). From these outcomes and the associations among them, we can conclude that the NACT-surgery interval time > 6 wk was the optimal interval time and had a positive impact on pCR as compared with the other groups.
This result is consistent with those from previous rectal and esophageal cancer studies [25] [26] [27] [28] , and it may be a common rule in gastrointestinal malignancies. Although many studies have shown that there is a positive impact from delaying the NACT-surgery interval time on pCR rate and short-term outcomes, the underlying mechanism has never been discussed. We speculate that it may be the result of multiple factors, including the ongoing effect of radiochemotherapy, changes in the tumor microenvironment, and recovery of immunity from chemotherapy. Additional basic medical studies may be needed to explain it.
The association between NACT-surgery interval time and long-term outcomes was also investigated. The survival curves of the three groups intersected at certain points and the log-rank test did not find any statistical significance among the curves (Figure 2 ). For both OS and DFS, Cox regression analysis showed that the NACT-surgery interval time and pCR (reflected by ypT0 status) had no impact on survival. This result is contrary to our expectation because pCR is deemed to have a positive impact on survival. Meredith et al [29] and Abdul-Jalil et al [30] both reported that pCR was an independent factor for OS and DFS. We thought that the small sample size may be the limitation. Regarding the NACT-surgery interval time, many previous studies in esophageal cancer proved that the interval time did not have any effect on survival [13, 15, 31] , while some studies in rectal cancer reached an opposite conclusion [26, 28] . Our result is consistent with studies in esophageal cancer. Our finding that ypN stage had a significant impact on OS and DFS aligns with those from previous studies [32, 33] . The surgical procedure was found to be also an independent factor that can influence OS and DFS. Patients on whom a distal gastrectomy was performed had a significant difference in survival compared with patients on whom a total gastrectomy was performed. The reason for this result may be that patients who undergo a distal gastrectomy have a greater chance of having a pCR, and also, may be the difference of surgical method itself.
There were some limitations to our study. Its retrospective nature may induce some bias. Our relatively short follow-up time for survival (3-year estimates) and the absence of information regarding diseases not treated at the PLA General Hospital after the operation may have impacted our results. Also, our single institute research cannot avoid sampling bias and may not be representative. The small sample size was the biggest limitation, and the number of patients with interval time > 6 wk was not sufficient to explore more timing groups or the maximum interval time (such as 6-8 wk, 8-12 wk, and > 12 wk). A future multi-center randomized control trial with a larger sample size may be needed to validate our results.
To conclude, the NACT-surgery interval time > 6 wk can increase the chance of a pCR, but the NACT-surgery interval time does not have an impact on long-term survival.
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Research background
The impact of the interval time from the completion of neoadjuvant 
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chemotherapy (NACT) to surgery on pathological complete response (pCR) and survival has been proved in rectal cancer and esophageal cancer. However, the optimal NACT-surgery interval time and its association with survival, to the best of our knowledge, have never been investigated in gastric cancer. This study can provide evidence for the timing of surgery and patients with neoadjuvant chemotherapy may benefit from it.
Research motivation
To investigate whether the interval time between NACT and surgery have an impact on pCR was our main topic. The investigation lays a foundation for the further RCT research.
Research objectives
There were two objectives in this study. The primary objective was to evaluate the impact of NACT-surgery interval time on pCR rate and the optimal timing of operation. The secondary objective was to determine the association between NACT-surgery interval time and 3-year OS or disease-free survival (DFS). If the impacts are existent, more studies will focus on the investigation of optimal interval time and this evidence will bring a change in treatment plan for GC patients with neoadjuvant chemotherapy.
Research methods
This is a retrospective study, in which we realized our objectives through data analysis using bivariate analysis, logistic regression analysis, and Cox proportion hazards regression. These methods are routinely used in studies and have high stability.
Research results
The impact of the NACT-surgery interval time on pCR has been proved and the interval time > 6 wk can increase the chance of a pCR. Clinical T stage also have an impact on pCR. The independent predictors of long-term survival are ypN stage and surgical procedure. These findings for the first time proved the impact of the NACT-surgery interval time on pCR in gastric cancer and give a reference for the optimal interval time. The further investigations of accurate optimal interval time are needed.
Research conclusions
The authors for the first time investigated and found the impact of the NACTsurgery interval time on pCR, and the optimal interval time may be > 6 wk. This result is consistent with those from previous rectal and esophageal cancer studies, and we speculate that it may be the result of multiple factors, including the ongoing effect of radiochemotherapy, changes in the tumor microenvironment, and recovery of immunity from chemotherapy. Additional basic medical studies may be needed to explain it.
Research perspectives
Further studies, either retrospective or prospective, are needed to investigate more interval time groups with a large sample size. Also, it is meaningful to investigate the mechanism of this finding through basic medical studies.
